Bacterial screening employing the agar diffusion test on triphenyltin carboxylates containing various functional residues in the ester moiety revealed appreciable differences in their activities relative to triphenyltin acetate. Among these, propionato] triphenyltin (1) and [Ncyclohexylcarbamoyl) glycinato] triphenyltin displayed activities comparable to tri-n-butyltin cinnamate (2) towards both Gram-positive and Gram-negative bacteria; the latter compound was the most active among the eleven Wiorganotin compounds tested, which included cyclopentyldiphenyltin hydroxide (3) and its methacrylate derivative. Applying the more quantitative plate count and optical density tests on compounds 1-3, it was shown that their inhibitory activity ranked in the order 2 > 3 >1. Significantly, 3 caused around 90% inhibition of both Escherichia coli (-) and Pseudomonas aeruginosa (-) when incubated for 24 h at 37+/-1C at the 10.0 g/mL concentration level. Compound 2 was less effective against P.aeruginosa than against E.coli. While the Gram-positive bacteria were all readily inhibited, Bacillus subtilis (+) appeared to the most susceptible among them towards the test compounds.
Introduction
In previous reports on the enhanced biological properties manifested by new organotin(IV) derivatives, we have elaborated on their antifungal l; and insecticidal 3"6 activities and also presented our results on the evaluation of their genotoxic potential7. In additional reports on such compounds we have discussed their interesting anti-tumour properties s '9 shown in in-vitro screening tests against a range of human cancer cell lines. In this paper, we report the antibacterial effects of triphenyltin cinnamates and other functionalised esters along with tributyltin cinnarnate and two diphenylcyclopentyltin compounds in tests against three Gram-positive and two Gram-negative species of pathogenic bacteria. Our study was prompted by the general observation presented in the literature that most organotin compounds, including tri-n-butyltin benzoate and bis(tri-n-butyltin) oxide which already find application as major active ingredients in some commercial disinfectants, are significantly more active against Gram-positive bacteria than against Gramnegative bacteria. 1'13 The exceptions are tri-n-propyltins and certain diorganotin compounds which are relatively more active against Gram-negative bacteria, 14 but weighted against the application of the tri-npropyltins is their relatively high mammalian toxicity compared to tri-n-butyltin and triphenyltin compourlds. 15'16 The work reported herein was imtiated with the aim of obtaining an organotin compound with two or three phenyl groups on tin that would be effective as a bacteriostat against both Gram-positive and Gram-negative bacteria.
Materials and Methods
Except for two new organotin compounds whose sajnthesis is described below, the remainder were 18 20 prepared as previously reported.
Solutions The bacterial inoculum used for these tests was a 24 h culture in 3 mL of nutrient broth or BHI broth as appropriate. This was added to 300 mL of the relevant broth in a flask and incubated at 37+/-1C on a shaker incubator operating at 250 rpm and shaken for a 24 h period. Two more cultures were similarly duplicated in a second and a third flask, respectively. Samples were withdrawn aseptically at one-hour intervals in order to estimate the growth rate. This was done by measurements of the optical density of the bacteria at 550 nm as well as by plate count ("viable count") based on serial dilution. The log-phase growth of the bacteria was achieved about 4 h after the introduction of the inoculum, at which point the organotin solution of known concentration was added (flask 1). The same volume of ethanol was added to flask 2. The ethanol sensitivity was checked using flask 3, which contained no additives, as control. In general, only at high organotin concentrations (corresponding to larger volumes of the stock solution added to the broth) was some difference noted between measurements made using aliquots from flasks 2 and 3 for some bacteria, necessitating corrections to be made for the ethanol sensitivity. This was particularly the case with the Gramnegative bacteria whose cell walls are known to be more lipophilic.
For the optical density (OD) measurements, mL aliquots were withdrawn hourly from the flasks. Inhibition of the bacteria by the organotin resulted in a drop in optical density. The percentage inhibition was determined using the formula, For the plate count, 0.1 mL of the sample was withdrawn and this was diluted with 0.9 mL of 0.85% saline solution. A serial dilution (3x) using the same proportions was next performed; O. mL of the last two 3 4 dilutions (i.e. corresponding, respectively, to dilution factors of 10 Ph2 (cy-CsH9)SnOH (-) . The triphenyltin cinnamates revealed some differences in activity with the nature of the para-subsfituent present on the esteryl phenyl group. While the unsubstimted triphenyltin cinnamate was active against Bacillus subtiBs (+) at the low MIC value of O. 1 lg/mL, both the para-methyl and para-nitro derivatives were less effective. Overall, however, the para-nitro compound registered the highest activity among the triphenyltin cinnamates, and was also more active than the commercial crop protectants, 21 triphenyltin acetate and -hydroxide. The effect of varying esteryl functionalities in the triphenyltin series was more strikingly revealed with eatena-O,O'- propionato] triphenyltin and [N-cyclohexylcarbamoylglycinato] triphenyltin, both of which showed activities comparable to tributyltin cinnamate. Particularly noteworthy was their high activity towards the gram-negative bacteria. At the 0.1 g/mL MIC value, the cyclohexylcarbamoylglycinato compound was particularly effective against E.coB, while the phosphonopropionate was the most active among the compounds tested against P.aeruginosa, a pathogen that exhibits resistance to a wide variety of antimicrobial drags. 22 The stannate ester, Dicyclohexylammonium eatena-(2-sulfobenzoate-O,O')-triphenylstannate(IV), was the least active among the triphenyltin compounds. Its activity was comparable to cyclopentyldiphenyltin hydroxide and-methaerylate. These observations suggest that variations in the anionic residues on tin can bring about marked differences in bacterial activity similar to those encountered with variations in the tin-eafoon skeletal groups alkyl, cycloalkyl or aryl.
To investigate more quantitatively the antibacterial effects, propionato] triphenyltin (1), tri-n-butyltin cinnamate (2) , and cyclopentyldiphenyltin hydroxide (3) were selected for evaluation by the more sensitive plate count and/or optical density measurements, the results of which are presented in Table 2 . The data, while reinforcing the stronger antibacterial properties of 2, also allowed of some interesting inferences. Compound 3 emerged to be generally more effective than 1 against the range of bacteria studied. Indeed, at the same conegntration level of 10.0 g/mL and for incubation periods of organotin with the bacteria extended to 18-20 hours, the heteroleptic triorganotin compound 3 proved to be appreciably more effective than the homoleptic compound 1 against both the Gram-negative bacteria, registering around 90,4 inhibition. The negligible inhibition of P.aeruginosa (-) by 2 at the 7.5g/mL concentration level attests to the relatively more resistant nature of this bacterium. Conceivably, its inhibition could have been achieved either with longer periods of incubation or higher organotin concentration. While the Gram-positive bacteria were all readily inhibited, B.subtiBs appeared to the most susceptible among them towards the test compounds. propionato] triphenyltin (1), tri-n-butyltin cinnamate (2) 
